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Sunday, February 8, 2015 15aas Mtr4p play key roles in RNA metabolism. Mtr4p is thought to assist RNA
degradation by the exosome presumably by unwinding RNA structures. In
addition, the TRAMP complex appends short 30 poly(A) tails to RNA meant
for degradation by the exosome. Mtr4p within the TRAMP complex plays a
crucial role in regulating the polyadenylation activity, limiting the poly(A)
tail length. The unwinding activity of Mtr4p is required and indeed within
the TRAMP complex, Mtr4p unwinds duplex RNA 10x faster than when alone.
However, the dynamic details of the RNA unwinding activity and interaction of
Mtr4p and TRAMP and indeed the Ski2-like family of RNA helicases are un-
known. We have performed high-resolution RNA hairpin unwinding experi-
ments for both Mtr4p and TRAMP. We find that Mtr4p unwinds RNA
duplexes in a single or multiple bursts with a mean step size of 9 base pairs.
The unwinding is irreversible suggesting that Mtr4p remains stably bound after
unwinding the duplex, preventing re-annealing. TRAMP unwinding experi-
ments reveal a faster molecular recognition by the Mtr4p helicase when in
complex as well as enhanced RNA duplex unwinding dynamics. Combined
high-resolution trapping and fluorescence experiments underway may reveal
how the competition within TRAMP between the 30-to-50 Mtr4p helicase and
the 50-to-30 Trf4p polymerase is resolved dynamically.
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The U1A protein is a component of the U1 small nuclear ribonucleoprotein par-
ticle, which forms part of the spliceosome. Since U1A protein is highly
charged, electrostatic interactions have been suggested to be of importance
in the association of the protein with RNA and the stability of the complex.
To understand this effect, positively charged residues of the protein have
been mutated in three positions (K20, K22 and K50) that do not have direct in-
teractions with the SL2 RNA.We performed extensive molecule dynamics sim-
ulations on the mutant complexes and characterized the changes in the
networks of interactions.
To reveal more global variations within the mutant complexes, we also deter-
mined the changes on the subsections of the proteins-RNA (called commu-
nities) that move in concert together. These communities have been
calculated based on generalized correlations to account for the collective
atomic fluctuations within the protein-RNA complexes. These results are in
agreement with the experimental complex dissociation binding studies.
We then determined a measure based on the collective atomic fluctuations of
different mutant complexes that have a linear correlation with the experimen-
tally measured dissociation constants. This correlation can be used to further
predict the effect of a mutation on the dissociation constant of the U1A-SL2
RNA complexes.
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All living creatures organize their genome into a dynamic three-dimensional
nucleoprotein complex. This organization has a vital importance for cellular
processes such as gene expression, DNA replication, and DNA repair. In order
to understand the nature of chromosome architecture we need to gain insight
into the biophysical parameters that drive compaction. However, critical details
of this process remain unknown. In this study we investigate a DNA-binding
enzyme from E. coli that rearranges the bacterial genome and protects the chro-
mosome against cellular stresses ranging from starvation to antibiotic exposure.
The enzyme responsible for this transformation is called Dps (DNA-binding
protein from starved cells). The interaction between Dps and DNA results in
the rapid formation of a tightly packed three-dimensional crystal lattice termed
a biocrystal. Although static structures of biocrystals have been documented,
little is known about how the structures form. We have developed a fluorescent
assay for tracking the physical interaction between individual DNA molecules
and Dps under TIRF microscopy. We found that Dps induces collapse
extremely rapidly after a slow nucleation event. In addition, we have used mag-
netic tweezers to obtain biophysical parameters of the conformational transition
of stretched DNA initiated by Dps protein. We found that cooperative Dps
binding to DNA cannot be fitted with Hill equation but displays the qualitative
features of an Ising system. Consequently we have developed a mean field
model that captures important features of the collapse. These in vitro experi-ments provide the crucial details about the highly cooperative mechanisms of
DNA-Dps biocrystal formation.
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DNA packages into compact chromatin structure in eukaryotic cell despite its
high negative charge. Nucleosome core particles (NCP) are the fundamental
repeating units of chromatin and modulate DNA accessibility for gene ex-
pression and regulation. NCPs contain a symmetric histone octamer wrapped
by 147-bp DNA. The dynamics of DNA packaging and unpackaging from
NCPs affects all DNA-based chemistries, but is not well understood due to
a lack of structures of the partially unwrapped, kinetic intermediates. Here
we applied a novel strategy combining contrast variation with time-resolved
small angle x-ray scattering to determine the structures of protein and
DNA constituents of NCPs during salt-induced disassembly. We monitored
DNA conformation and protein dissociation of NCPs with two positioning
sequences: Widom 601 and 5S DNA. For the Widom 601 construct, we
measure a transient structure on the millisecond time scale where the DNA
is asymmetrically released from a disrupted histone core, and the proteins
remain bound to unwrapped DNA in a semi-open conformation. We hy-
pothesis this conformation may be biologically important substrate for gene
regulation. The 5S construct also displays asymmetric DNA release, but
exhibits a different pattern of protein dissociation. Our results establish a
powerful platform for studying the global dynamics of nucleoprotein
complexes.
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Being related by the genetic code, messenger RNAs (mRNAs) and cognate pro-
teins are polymers with mutually interdependent compositions, which further
implies the possibility of a direct connection between their general physico-
chemical properties. How efficiently do different characteristics of mRNA cod-
ing regions reflect the features of cognate proteins and is it possible for the cell
to obtain information about proteins from their mRNAs without first reading
them on the ribosome? We address these issues in a theoretical proteome-
wide analysis and show that average protein hydrophobicity, calculated from
either sequences or 3D structures, can be encoded in an analogue fashion by
many different mRNA sequence properties with the only constraint being
that pyrimidine and purine bases be clearly distinguishable on average [1].
Moreover, average characteristics of mRNA sequences allow for a reasonable
discrimination between human proteins with different cellular localization and,
in particular, cytosolic and membrane proteins, even in the absence of topo-
genic signal-based mechanisms. We discuss our findings in the context of pro-
tein and mRNA localization and propose that this cellular process may be partly
determined by basic physicochemical rationales and interdependencies be-
tween the two biomolecules.
[1] Polyansky AA, Hlevnjak M, Zagrovic B. (2013) Nat. Commun. 4, 2784.
Platform: Protein Structure and Conformation I
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Protein misfolding is an intrinsic property of polypeptides, and misfolded con-
formations have a propensity to aggregate. In the past decade, the development
of various coarse grained models for proteins have provided key insights into
the driving forces in folding and aggregation. We recently developed a low res-
olution polarizable coarse grained model by adding oppositely charged dummy
particles inside protein backbone beads. With this model, we were able to
achieve significant alpha/beta secondary structure content de novo, without
any added bias1. We now extend the model to study peptide aggregation at
hydrophobic-hydrophilic interfaces and draw comparisons to aggregation in
explicit water solvent. Elastin-like octapeptides (GV)4 are used as a model
16a Sunday, February 8, 2015system for this study. Our results suggest that dipolar interactions play a role in
aggregation, and thus more likely to play a role for aggregating, less-
hydrophobic peptides.
1. Role of Backbone Dipole Interactions in the Formation of Secondary and
Supersecondary Structures of Proteins; Sai J. Ganesan and S. Matysiak; Journal
of Chemical Theory and Computation 2014 10 (6), 2569-2576
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While X-ray crystallography and NMR are available to determine the struc-
ture of folded proteins in solution, few methods can resolve structural details
for membrane-associated proteins. Recently neutron reflection (NR) has
emerged as a useful method to derive structural information for membrane-
associate proteins. However, while NR provides the overall residue distribu-
tion normal to the membrane, information pertaining to specific residues is
not available from this method. Toward addressing this deficiency we com-
bined NR with hydrogen-deuterium exchange mass spectrometry (HDX-
MS). HDX-MS has proven useful in studying protein complexes and binding
of drug molecules to proteins in solution. We combined these methods to
study the structure of membrane-associated HIV Nef. Nef is an HIV-1 acces-
sory proteins and an essential factor in AIDS progression. Nef exists in both
membrane-associated and cytosolic fractions. Membrane-association is
achieved by an N-terminal myristoylation essential for the virus in vivo as
well as a cluster of basic residues within the N-terminal arm. NR revealed
that upon insertion of the myristate and residues from the N-terminal arm,
Nef transitions from a closed to open conformation that positions the core
domain 70 A˚ from the lipid headgroups.1 Deuterium exchange of HIV-1
Nef was analyzed in solution and also when membrane-associated. Significant
differences in deuterium uptake between the solution form and lipid-
associated state reveal the disposition of a flexible loop and the oligomeric
state upon binding. Hundreds of proteins are known to be lipidated and
many are potential targets for therapeutic intervention. The present approach
will be useful to resolve the membrane-bound conformations of these pro-
teins, and to inform on the effects of protein-protein interaction at the mem-
brane and disruption of said interactions with pharmacological agents.
Akgun, B. et al, Structure 21, 1822, 2013.
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Human serum transferrin is an iron transport glycoprotein that is involved in
the regulation and balance of iron content in blood plasma and cells. Little is
known about the effect of molecular crowding on the structure, dynamics and
aggregation of transferrin. Therefore, we investigated secondary structure,
thermal denaturation, aggregation and hydrogen-deuterium (H/2H) exchange
of apo and holo transferrin in the presence and absence of the molecular
crowding agent dextran using Fourier transform infrared (FTIR) spectroscopy.
The data obtained was analysed using second-derivative, deconvolution and
two-dimensional correlation infrared (2D-IR) spectroscopy. Protein samples
were prepared in phosphate buffer solutions (H2O and 2H2O; pH 7.4) at a
concentrations of 20 and 50mg/ml. For the crowded environment condition,
the same conditions were used but dextran was also included at a concentra-
tion of 200 mg/ml. No molecular crowding-induced changes in the secondary
structure of transferrin was detected. However, the H/D exchange of apo and
holo transferrin in dextran solution was significantly reduced suggesting a
more rigid, solvent inaccessible structure induced by molecular crowding.
The thermal study of transferrin in the range 25-95 oC was analysed using
the synchronous 2D-IR correlation. The 2D-IR correlation spectra of holo
transferrin in presence and absence of dextran revealed different negative
peaks. In the absence of dextran, the loss of a-helical structure (1656cm-1)is associated with an increase in the intensity of a band at 1674cm-1. Howev-
er, in the presence of dextran, the unfolding of the a-helical structure
(1656cm-1) is accompanied by the formation of intermolecular b-sheet struc-
ture (1616cm-1 and 1690cm-1). Similar crowding effects were also observed
for apo transferrin providing direct evidence of the effect of dextran, as mo-
lecular crowding agent, on the thermal aggregation characteristics and dy-
namics of transferrin.
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Alpha-actinin2 is a fundamental component of striated muscle sarcomeres. It
localizes to the Z-disk, the macromolecular assembly that connects two adja-
cent sarcomeres where it provides mechanical stability during contraction
but also plays a pivotal role during Z-disk assembly. A regulatory role by
phosphatidylinositol-bis-phosphate (PiP2) has been proposed for all 4 alpha-
actinin isoforms but not validated at structural level. The X-ray structure of
full-length alpha-actinin2 suggests the existence of two different conforma-
tional states. In the ground state, alpha-actinin exists in an intramolecular auto-
inhibited conformation, where the C-terminal EF-hands bind a titin-like
pseudoligand at the connection between rod and actin-binding domains. PiP2
acts as a potential trigger for the transition to an open state capable of titin-
binding. We hypothesize this mechanism plays a key role during Z-disk matu-
ration, with the open-state allowing interaction with key binding partners.
Super-resolution and correlative electron microscopy of mutant-transfected
Neonatal Rat Cardiomyocytes (NRC) shed new light on the internal organiza-
tion of the Z-disk and the regulatory mechanism of alpha-actinin ligand bind-
ing. Combining fluorescence confocal microscopy and live-cell imaging in
NRC, we identified a crucial role for PiP2, which regulates the intracellular
dynamics of alpha-actinin as seen in Fluorescence Recovery After Photo-
bleaching experiments with a PiP2-binding deficient mutant. A second
alpha-actinin mutant, in constitutively open-conformation, impaired overall
sarcomere assembly by reduced intracellular dynamics, suggesting that PiP2
might not be limited to a positive regulation, but is also essential for the dy-
namic equilibrium of the protein.
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Stable single alpha helical (SAH) domains are found in ~0.2% of proteins and
are rich in charged amino acids; E,R and K. Ionic interactions between oppo-
sitely charged amino acids (either i, iþ3 and/or i, iþ4) are responsible for their
high stability. We recently showed that SAH domains can act as ‘constant force
springs (Wolny et al., J. Biol. Chem. 2014). Thus they do not simply act as a
‘spacer’ between two protein domains, but can actively respond to force.
It is still unclear what the minimal requirements are for a peptide to form a SAH
domain. To test this, we used modelling and have characterised 96 residue con-
structs that vary in the number of charged interactions (E-R or E-K) from 1
every 7 residues (repeating 7mer pattern of (AAEAAKA)n or (AAEAARA)n
to 3 every 7 residues ((AEEEKKK)n or (AEEERRR)n) to determine how
many is ‘enough’ to stabilize a long (96 residue) alpha helix. 96 residue
(AAEAAKA)n or (AAEAARA)n peptides tended to aggregate, and were
only soluble in very low salt, when they were found to be highly helical, but
unstable. Thus, sparsely placed charged residues (1 pair per heptad) are not suf-
ficient to keep polyalanine stable in higher salt concentrations. 96 residue
(AEEEKKK)n peptides were highly stable and helical (>90%) and melted
non-cooperatively as expected for SAH domains. Surprisingly, 96 residue
(AEEERRR)n peptides tended to aggregate, were only soluble at pH<3.5,
and appeared to be in a monomer-dimer equilibrium. SAH domains normally
contain mixtures of both K and R residues. These data suggest that K residues
are required for solubility and monomeric behavior at neutral pH. Modeling
helps to explain these data and further clarify the minimal requirements for a
SAH domain.
